Key Teaching Points•Tachycardia with alternating cycle length usually has different reentrant circuits. It should be mapped under different cycle lengths, respectively.•Entrainments remain important to confirm the reentrant mechanism even with alternating cycle length.•High-resolution mapping is useful to identify the critical isthmus and facilitate the ablation successfully with limited radiofrequency lesion.

Introduction {#sec1}
============

Alternating cycle length (CL) can be seen in some regular tachycardias. Previous case reports have described different mechanisms in atrioventricular reentrant tachycardia, atrioventricular nodal reentrant tachycardia, and atrial tachycardia (AT) after atrial fibrillation ablation.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7] However, AT after surgery with alternating CLs was seldom reported.

Case report {#sec2}
===========

A 49-year-old female patient with a history of surgical repair for atrial septal defect and tricuspid valvuloplasty presented with typical atrial flutter and was referred for electrophysiology study. High-resolution mapping with the Rhythmia three-dimensional electroanatomic mapping system (Boston Scientific, Marlborough, MA) was performed in the right atrium. The initial CL was 240 ms. The activation map revealed the counterclockwise mechanism, which was also proven by entrainments ([Supplemental Figure 1A](#appsec1){ref-type="sec"}). Two lines of block and 1 low-voltage isthmus were identified during tachycardia: crista terminalis, right atrial (RA) free wall incision, and septal patch ([Supplemental Figure 1B, 1C](#appsec1){ref-type="sec"}). Linear ablation was applied on the cavotricuspid isthmus and terminated the tachycardia. Bidirectional block of the cavotricuspid isthmus was confirmed by verify mapping (v-Map) during coronary sinus ostium and low RA pacing.

AT with alternating CLs of 233 ms (CL 1) and 273 ms (CL 2) was induced by burst pacing ([Figure 1](#fig1){ref-type="fig"}). Then 2 activation mappings under the different CLs were performed, respectively. Activation maps and propagations showed the possible reentrant circuits and blocked lines under the 2 CLs ([Figure 2](#fig2){ref-type="fig"} and [Videos 1](#appsec1){ref-type="sec"} and [2](#appsec1){ref-type="sec"}). There were 2 conduction isthmuses after the common isthmus. The activation wavefront could go through both isthmuses in the CL 1 map. When isthmus 1 was in functional block in the CL 2 map, the wavefront conducted via isthmus 2 only, which was more inferior. This made the reentrant circuit longer in the CL 2 map than in the CL 1 map. The local activation sequences and signals at isthmus 1 alternating with double and single potentials also suggested the conduction there was intermittent ([Figure 3](#fig3){ref-type="fig"}).Figure 1Coronary sinus (CS) signals and cycle length (CL) graph of atrial tachycardia. The CLs were alternating between 233 ms and 273 ms. In the CL 1 map, the beat acceptance criteria CL was set as 233 ± 5 ms (*green band*).Figure 2(**A** and **B**) Right posterior oblique views of cycle length (CL) 1 and CL 2 activation maps (**A** and **B**). Activation patterns showed the difference of the circuits and lines of block (*white arrows and lines*). *Dotted red circles* indicate the 2 isthmuses after the common isthmus. *White lines* indicate the anatomical block (incisional line). *White dotted lines* indicate the functional block (crista terminalis \[CT\] and isthmus 1).Figure 3Local activation sequences of the isthmuses of cycle length (CL) 1 map and CL 2 map. The signals at isthmus 1 alternating with double and single potentials (the *roving probes* and *red arrows*) indicated the intermittent conduction there. **A:** Local activation time (LAT) at position 2 and position 3 were similar in CL 1 map. **B:** LAT was significantly later at position 3 than at position 2 in CL 2 map. That also suggested the block at isthmus 1.

The ablation strategy was to close the common isthmus. A single ablation delivery terminated the AT ([Supplemental Figure 2](#appsec1){ref-type="sec"}). More ablation was applied to close the gap between the 2 blocked lines.

At 3-month follow-up, the patient remained in sinus rhythm with no antiarrhythmic medications.

Discussion {#sec3}
==========

Entertainments to confirm the reentry were not delivered owing to the alternating CL during the procedure. Although abnormal automaticity and triggered activity from the critical isthmus were not excluded by pacing, the possible mechanism remained to be macroreentry. John and colleagues[@bib5] showed the significance of pacing study to confirm the mechanism of AT even with alternating CL. Besides measuring postpacing interval, comparing the interval from stimulus to the surface P wave (S-P) or to a stable intracardiac A wave (S-A) with the local electrogram to the P or A wave (E-P or E-A) is another available method.[@bib5]

Nakashima and colleagues[@bib6] reported a case of atrial flutter with 2 different CLs. Electrophysiological study suggested that 2 pathways with differing conduction times existed.[@bib6] O'Neill and colleagues[@bib7] reported another case post persistent atrial fibrillation ablation with alternating CLs. The possible reentry was around the mitral annulus, with alternating conduction across 2 gaps within the mitral isthmus with differing conduction velocities and/or refractory periods.[@bib7] Recently, Frontera and colleagues[@bib8] have characterized that reentrant ATs have multiple sequential isthmuses of slow conduction, serving as sequential isthmuses rather than a single isthmus. This case is an example where the tachycardia uses parallel isthmuses alternately after passing through a common isthmus. The intermittent isthmus with 1:1 conduction may be caused by its unmatched effective refractory period and CL. In this case, the effective refractory period of the myocardium at the intermittent isthmus (isthmus 1) should be longer than CL 1 (233 ms), but shorter than CL 1 + CL 2 (506 ms).

The conventional strategy for lateral RA reentrant tachycardia is to connect the line of block to the inferior vena cava, the tricuspid annulus, or, rarely, the superior vena cava, which needs more linear ablation and may interfere with the normal sinus activation. In this case, the high-resolution mapping clearly identified the critical isthmus and facilitated the ablation successfully with limited radiofrequency lesion.

Appendix. Supplementary data {#appsec1}
============================

Supplemental Figure 1Left anterior oblique (LAO), right lateral (RA) and posterior anterior (PA) views of RA activation map. A: activation pattern showed the counter clockwise typical flutter. B and C: two lines of block and one patch were identified. SVC=superior vena cava; IVC=inferior vena cava; TVA=tricuspid annulus; CT= crista terminalis.Supplemental Figure 2Single ablation application terminated the AT on the common pathway (green dot). More ablation applications were delivered to close the gap between the two blocked lines (red dots).Supplemental Video 1. Propagation of CL1 map showed the reentry circuit around the surgical incision (blue dots). The common isthmus is located between the surgical incision and the functional block (the crista terminalis, gray dots).Supplemental Video 2. Propagation of CL2 map showed a bigger reentry circuit around the surgical incision (blue dots) and the additional functional block line (gray dots perpendicular to blue dots). The common isthmus is still located between the surgical incision and the crista terminalis (gray dots parallel to blue dots).
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